Background: Surgical management of incidental Meckel's diverticulum (MD) is a highly debated controversial issue that has never been discussed from the oncological standpoint. Objective: To describe the epidemiology and risk of Meckel's diverticulum cancer (MDC) and compare it with other ileal malignancies. Methods: Data were obtained from 163 cases of MDC and 6214 cases of non-Meckelian ileal cancer, between 1973 and 2006, from the Surveillance, Epidemiology, and End Results database. Results: Mean annual incidence was 1.44 (± 1.12) per 10 million population, with a 5-fold increase in the last few decades. Incidence increases with age, with a mean age at diagnosis of 60.6 (±15.1) years. Adjusted risk of cancer in the MD was at least 70 times higher than any other ileal site. Disease was localized in 67% at presentation and malignant carcinoids constituted the major histologic type (77%). One-third of patients have had lifetime occurrence of other malignancies and in 13% of these patients, MDC was the first malignancy. Median tumor size was 7 mm. Median overall survival was 173 months (95% confidence interval [CI], 124-221 months), with 1-and 5year relative survival rates of 85.8% (95% CI, 76.9%-91.4%) and 75.8% (95% CI, 64.9%-83.8%), respectively. Cox proportional hazards model revealed that age, histologic type, and metastatic disease were independent factors affecting survival. Conclusions: MD is a "hot-spot" or high-risk area for cancer in the ileum. With risk that increases with age and high possibility of curative resection with negligible operative mortality, incidental MD is best treated with resection. (Ann Surg 2011;253:223-230) From the Apart from some basic statistical analysis performed using Microsoft Excel, the authors used SEER * Stat software provided by the SEER program, which is an intuitive tool that derives simple population-based epidemiological calculations. The data were analyzed using SPSS software (SPSS 17, IBM, Chicago, IL). Survival analysis was performed using Kaplan-Meier curves for overall survival (OS) and statistical significance (P) was tested using Log rank (Mantel-Cox) test. Breslow (Generalized Wilcoxon) and Tarone-Ware
I n 1598, Fabricius Hildanus described the presence of a diverticulum of the small bowel occurring in the distal part of the ileum, which later came to be called by the last name of the German anatomist, Johann Friedrich Meckel who described its embryology in 1809. 1 The Meckel's diverticulum (MD) is a true congenital diverticulum that is a remnant of the omphalomesenteric duct, the incomplete obliteration of which can result in a range of anomalies, the most common (90%) being MD. 2 It is the most common congenital anomaly of the GI tract, with an estimated prevalence of 2%, 3 although several autopsy studies describe a general population prevalence in the range of 0.3% to 3%. 4, 5 About 90% of MDs occur within 100 cm of the ileocecal valve 1 and measure approximately 3 cm in length. 1, 6, 7 Though there is a significant prevalence of ectopic tissue nests in the MD (10%-60%), they are commonly asymptom-atic. 1, 5, 6, 8, 9 Malignancies are reported to account for only 0.5% to 3.2% of the complications. 4, 10 Several tumors of the MD have been described, with carcinoids being the most common. [11] [12] [13] [14] Other pathologic types include adenocarcinoma, [15] [16] [17] [18] pancreatic carcinoma, 19 intraductal papillary mucinous neoplasm, 20 gastrointestinal stromal tumors (GIST) and leiomyosarcomas, 4, 21, 22 lymphoma, 23, 24 lipoma, 25 adenomyoma, 26 and villous adenoma. 27 In 1992, Neis et al summarized 104 published cases of Meckel diverticulum cancer (MDC). 13 In their review of 13,715 carcinoids from the Surveillance, Epidemiology, and End Results (SEER) database, Modlin et al observed that 0.48% to 0.74% of all carcinoids in the body occurred in the MD. 28 To the best of our knowledge, there have been no single population-based analysis of the epidemiological and prognostic features of primary MD malignancies. In this study, we have performed such an analysis of patients with MDC identified in the SEER database and from that analysis have identified implications for the management of incidentally found MDs.
METHODS

SEER Database
The SEER program is a National Cancer Institute-based authoritative source of cancer data in the United States, with a coverage of 26% of the US population. 29 SEER receives mortality data from the National Center for Health Statistics and population data periodically from the Census Bureau. The population-based cancer registries of SEER program include Alaska Native Tumor Registry, Arizona Indians, Los Angeles, San Francisco-Oakland, San Jose-Monterey, Greater California, Connecticut, Detroit, Atlanta, Rural Georgia, Hawaii, Iowa, Kentucky, Louisiana, New Jersey, New Mexico, Seattle-Puget Sound, and Utah. However, there are several grouping of these registries for analysis such as SEER 9, SEER 11, SEER 13, and SEER 17, the number following "SEER" referring to the number of registries included in the grouping. For the most extensive grouping SEER 17, statistics that do not require population data such as survival are often reported for years prior to 2000. For population data-dependent statistics such as incidence, SEER 9 is used as it contributes cases diagnosed from 1973 to 2006, except Seattle-Puget Sound that contributes cases from 1974 and Atlanta that contributes cases from 1975. More information is available at: http://seer.cancer.gov/registries/terms.html. tests were also used to confirm statistical significance in OS comparisons. Relative survival values were derived using the SEER * Stat software. An alpha value (P) of 0.05 to identify statistical significance was uniformly adopted for all statistical analyses. Mean values were expressed along with the standard deviation (SD), and statistical significance was tested using Student t test with 2-tailed P values. Standard error (SE) or 95% confidence intervals (CI) were provided for all median survival estimates. A Cox proportional hazards model was executed to identify hazard ratios (HR) for all factors that independently affected survival. Most analyses used a sample space of 158 patients, as 5 patients with MDC diagnosed at autopsy were excluded. Patients who had some other primary malignancy in addition to MDC were excluded for survival analyses. To analyze whether cancer of the MD deserves any special mention or consideration from ileal cancers in general, we made some comparisons between Meckel malignancies and non-Meckelian ileal cancers (NMIC), using the same exclusion criteria.
RESULTS
A detailed description of patient characteristics is provided in Table 1 .
Age at Diagnosis, Sex, and Race Distribution
The mean age at diagnosis of MDC was 60.6 years (± SD, 15.1 years). Adenocarcinomas appeared to present earlier (mean age, 55.9 years; ± 10.2 years) than malignant carcinoids (mean age, 61.0 years; ± 15.3 years) and GIST/leiomyosarcoma (mean age, 61.5 years; ± 16.5 years), although these groups were not statistically significant. Similarly, there was no statistically significant difference in the mean age at diagnosis of MDC between the genders or between Whites and African-Americans. The mean age at diagnosis of MDC is not statistically different from the mean age at diagnosis of NMIC (62.9 ± 15.8 years) in the same database during the same time period . However, the mean age at diagnosis of ileal adenocarcinoma of non-Meckelian origin was 65.9 years (± SD, 14.6 years), which is almost a decade later than the mean age at diagnosis of adenocarcinoma of MD. This difference was statistically significant (2 tailed P < 0.01). There was also a small yet statistically significant difference between mean ages at diagnosis of malignant carcinoid tumors of MD and non-Meckelian ileum (61.3 ± 15 years vs. 63.6 ± 13.4 years, respectively; t test, 2-tailed P < 0.05).
MDC was more common in men with a male:female ratio of 1.7:1. For adenocarcinoma and carcinoid types, the ratios were 2:1 and 2.02:1, respectively. Of total, 93% of MDC were white, with a white:black ratio of 25.3:1. In contrast, NMIC has an almost equal sex distribution of 1.1:1, which appears similar for both carcinoid and adenocarcinoma. The racial difference in cancer incidence with a white preponderance was steeper with MDC than with NMIC (white:black ratio, 10.4:1).
Incidence and Temporal Trends of MDC
The mean annual incidence rate of MDC calculated for years 1973 to 2006 was 1.44 per 10 million population (±SD, 1.12). Incidence increased progressively with every decade of age, peaking in the eighth decade ( Fig. 1 ). No cases were recorded below 10 years of age. The mean annual incidence rate in males was 2.07 per 10 million population (±SD; 1.8), which was 2.3 times higher than the incidence rate in females, 0.9 per 10 million population (±SD, 0.8), and this difference was statistically significant t test; 2-tailed p value < 0.001). The relatively higher incidence of MDC in males was 1.6 fold in the fourth decade of age, increasing thereafter during every decade until peaking at 3.4 fold in the eighth decade, after which it declined. Only in the third decade, was the incidence in females higher than the males. Incidence trends were analyzed by dividing the study pe- riod into three 10-year periods (1973-1982, 1983-1992, and 1993-2002 ) and a 4-year period (2003) (2004) (2005) (2006) , and the rates were expressed per 10 million person-years ( Fig. 2 ). MDC incidence has increased almost 5 fold, from 0.36 per 10 million person-years during 1973-1982 to 1.8 per 10 million person-years during 2003-2006, peaking at 2.1 per 10 million person-years (∼7 fold increase) during 1993-2002. Interestingly, this increase in incidence across time was more pronounced in females who experienced a 7.5-fold increase from 0.23 to 1.79 per 10 million person-years than in men who showed a 6.2-fold increase from 0.49 to 3.13 per 10 million person-years. The mean incidence rate of MDC mentioned above was almost 38 times lower than the mean annual incidence rate of NMIC calculated for the same time period (55.47 ± 8.16 per 10 million population) with high statistical significance t test; 2 tailed p < 0.001). However, this calculation of MDC incidence did not take into account that MD is prevalent in only 0.3% to 3% of the population. So, we calculated the MD prevalence-adjusted MDC incidence rate, by choosing the oft-quoted 2% prevalence rate 1, 3, 30 in the general population. When done so, the mean-adjusted incidence rate of MDC was 72 per 10 million population (±SD, 56.15), which was higher than the mean incidence rate of NMIC ( Fig. 3) . When applied to temporal trends in incidence rates, the adjusted MDC-rate was lower than the NMIC rate ( The mean annual incidence rate of MDC in whites was 2.64 per 10 million, which was higher than the mean incidence rate in African-Americans of 1.04 per 10 million population. This difference approached but did not achieve statistical significance (t test; 2 tailed P = 0.068). 
Pathologic Types
There were no reported benign tumors of the MD in the SEER database. Most of cancers of MDC (77.3%) were malignant carci noid tumors and 11.04% were adenocarcinoma. Stromal and smooth muscle tumors (GIST/leiomyosarcoma) and sarcomas constituted 10.43% and lymphomas 1.23%. The adenocarcinomas reported in this database included mucinous and signet-ring varieties. There was also a case of an adenocarcinoma arising in a tubulovillous adenoma. The lymphomas were of non-Hodgkin variety, one of them belonging to the diffuse large B-cell type. Carcinoids constituted a smaller majority in NMIC (56%) compared with MDC (77% carcinoids). Of 6214 ileal cancers, staging information was available only for 3225 patients, of which 27%, 47%, and 26% were localized, regional, and metastatic at the time of diagnosis. However, the high rate of unavailable staging data precluded any meaningful stage-forstage comparison between MDC and NMIC.
Stage at Diagnosis and Treatment
We staged Meckel malignancies based on the extent of disease involvement as localized (confined to MD and node-negative), 2 * AJCC stages corresponding to our system may not be equated absolutely as staging discrepancies may apple. † Analyses done using 146 after exclusing of 12 cases with inadequate staging data. ‡ 95%CI and SE for median OS for localized cancer were incalculable because more than 50% patients were alive at the time of last follow-up. However, calculated mean OS for this group is 179.36 mo (95% CI, 149−210 mo. CI indicates confidence interval; SE, standard error; OS, overall survival.
regional (direct extension to adjacent sites without peritoneal spread or node-positive), and metastatic ( Table 2 ). By this staging system, 67.1%, 15.2%, and 10.1% of MDC were localized, regional, and metastatic, respectively, at the time of diagnosis; staging information was not available for the remaining 7.6% in the database. Since 2004, the SEER program began recording accurate T, N, and M staging information. For these patients diagnosed since 2004 (n = 29), the authors derived the American Joint Committee on Cancer (AJCC) stage for small bowel adenocarcinoma. 31, 32 Accordingly, 66%, 10%, 14%, and 10% were at stages I, II, III, and IV, respectively, at the time of diagnosis. Most of them (95.6%) had surgical resection of the tumor with very few who did not have surgery recommended or performed for unknown reasons.
Tumor Size
Tumor size analysis was performed only in the subset of patients diagnosed since 2004, for which SEER provided accurate tumor information. For this subset of patients (n = 29), 48.3%, 20.7%, and 20.7% of the patients had tumor sizes in the range of less than 1 cm, 1 to 5 cm, and greater than 5 cm, respectively (Table 1) . Three patients (10.3%) did not have any tumor size recorded. The median tumor size was 0.7 cm.
Risk of Other Malignancies
A significant proportion of patients with Meckel malignancies were found to have other primary malignancies at some point during their lifetime. Of 158 patients, 51 (33%) with MDC had another primary malignancy at a non-Meckelian site, during their lifetime. In 13% of these patients (n = 7), MDC was the first malignancy to occur.
Forty-five patients had 1 additional malignancy and 4 patients had 2 other malignancies. One patient had 4 additional malignancies and 1 patient had 5 additional malignancies. These 51 patients had a total of 62 additional tumors, of which 37.1% were of GI and genitourinary origin each. A detailed analysis is shown in Table 3 .
Survival Analysis
After excluding patients who were diagnosed at autopsy (n = 5), had other primary malignancies (n = 51), or did not undergo surgery (n = 7), only 100 of the 163 patients were used for survival analyses. The median OS for all Meckel malignancies was 173 months (95% CI, 124-221 months) and appeared dependent on the pathologic type of malignancy ( Fig. 5 ) and the stage (Fig. 6 ). Carcinoids had the best survival with a median OS of 243 months (95% CI, 157-329 months). This is significantly different (Mantel-Cox test, P < 0.001) compared to the median OS of adenocarcinoma, which was 13 months (95% CI, 5-21 months) and from GISTs/leiomyosarcomas, which was 62 months (95% CI, 0-146 months). There was statistical Table 4 . Stage-forstage comparisons between the different histologic types were precluded by the small sample size in each subtype that was insufficient to adequately power the analyses.
We also compared ileal malignancies to Meckel malignancies in terms of survival. We used the same exclusion criteria in addition to the inclusion of only the pathologic types of NMIC that corresponded to the spectrum of MDC, resulting in 3472 patients with NMIC. The median OS for all MDC was higher than the median OS of NMIC (89 months; 95% CI, 82-96 months) in a statistically significant manner (P = 0.022) (Fig. 7) . Similar results were obtained when all pathologic types of NMIC were included and only those with other primary malignancies during their lifetime were excluded. The median OS for all NMI carcinoids was 115 months (95% CI, 105-125 months), which was less than the median OS for all Meckel carcinoids in a statistically significant manner (Mantel-Cox, P < 0.01) (Fig. 8) . The median OS of Meckel adenocarcinoma was worse than the median OS of NMI adenocarcinoma, which was 22 months (95% CI, 18.7-25.3 months), although this difference did not achieve statistical significance (Fig. 9) . Similarly, there was no statistical difference between the median OS of Meckel GIST/ leiomyosarcoma and those of NMI origin (48 months; 34.1-62 months) (Fig. 10) . The small sample size available precluded stagefor-stage comparisons with respect to pathologic types.
We also performed a Cox proportional hazards model to identify independent factors that affected survival in MDC. The model obtained by using the various covariates (Table 5 ) had an overall fit, which was statistically significant to a very high degree (P = 1.19 × 10 6 ). Age turned out to be an independent factor with an HR of 1.09 (95% CI, 1.05-1.13) in a statistically significant manner (P < 0.001). Certain histologic types also adversely impacted survival. Adenocar- The survival rates were derived by the SEER * Stat software by an actuarial method (n = 109) from the SEER 17 registry, with no adjustment for heterogeneity. * The values for relative survival rates, their standard errors and confidence intervals have been adjusted for increase in cumulative rates from the prior interval. MDC indicates Meckel diverticulum cancer; CI, confidence interval. cinoma and GISTs/leiomyosarcomas had an HR of 7.68 and 5.72, respectively, when compared to malignant carcinoids as a reference. When our staging system was used, regional and metastatic disease had an HR of 2.01 and 3.84, respectively, when compared to Stage I disease. Metastatic disease was an independent factor affecting survival in a statistically significant manner (P < 0.05).
Length of Bowel at Risk
Another interesting issue is that the "length of bowel at risk" for malignancy is drastically different-about 3 cm for MD 1, 6, 7 and 165 to 516 cm for the ileum. [33] [34] [35] We calculated the risk of cancer per unit length of bowel at risk per unit time adjusting for 2% prevalence of 3 cm long MD and 100% prevalence of the most conservative estimate of ileal length, 165 cm. The risk of MDC thus calculated was 2.28 cancers per km of bowel per decade (±SD, 1.78), which was 70 times higher than the risk of NMIC (0.03 cancers per km of bowel per decade, ±0.006). This difference was highly statistically significant (t test, 2 tailed P < 0.0001).
DISCUSSION
MD, being the most common anomaly of the GI tract has received a lot of attention, with nearly 1600 publications in the decade preceding 2005. 5 But most of these studies either pertained to short case reports or small series of patients or were single institutional and usually nonpopulation based. A recent comprehensive study by Zani et al performed a systematic review of 244 publications concerning MD. 36 Their analysis of more than 19 autopsy studies estimated a general population prevalence of MD to be 1.23%. However, we chose to use the 2% prevalence rate, as traditional teaching has advocated a "rule of 2" for characterizing the features of MD-2% prevalence, 2 feet from ileocecal valve, and 2 inches long. 3 If a prevalence of 1.23% was used to calculate the MD-adjusted MDC incidence rate, it would have been still higher than NMIC incidence rate. Again, if a 1.23% prevalence adjustment was applied to the estimation of risk of cancer per unit length of bowel per unit time, the risk of MDC would be 1.6 fold higher than the estimate mentioned above. These calculations undoubtedly established that MD was a "hot spot" or "high-risk" region for cancer in the ileum.
The incidence of MDC has also shown a dramatic rise in the last 3.5 decades that span the entire duration of the database. During this time, there has been only a marginal rise in NMIC incidence. Although there have been conflicting reports on gender differences in the occurrence of MD, complications are well known to have a high male predominance. 3, 5, 37 Our study not only showed a male predominance in MDC (which was not so pronounced in NMIC), but also that there been a higher fold increase in MDC in females in the last few decades than the males. In summary, MDC tended to occur earlier, was more commonly carcinoid and was more often localized at presentation than its ileal counterparts, accounting for the better trend in survival. We also chose to classify MDC as localized, regional, or metastatic to uniformly and reliably assimilate the way in which stage information was coded in SEER database. We have made the best possible effort to extrapolate the AJCC stages of small bowel carcinoma from our staging system; however, these may not be absolute comparisons because of changes in stage coding over the years that do not adjust for lack of detail in earlier staging systems.
Although there have been a plethora of publications about MD, there is little consensus with regard to the appropriate surgical management of the incidentally discovered MD. Only 4% of those with MD would require a MD-related hospital admission and 2.9% would require surgery. 36 The lifetime risk of developing complications is 6.4%, the most common being bleeding and obstruction. 38 Only approximately 3% of the complications have been attributed to tumors. 10, 11 In 1976, Soltero and Bill analyzed 202 cases of diseased MD from several hospitals in a certain county. 30 Using a 2% prevalence rate, they calculated the risk of developing MD complications to be 4.2%, which tapers with increasing age. They also estimated that 800 asymptomatic Meckel's diverticula need to However, there have been multiple reports that suggest otherwise. In 1994, Cullen et al, through an epidemiological population-based study noted that the risk of complications from MD do not decrease with age, 38 as was suggested by Soltero and Bill. They also went ahead to show that cumulative rate of long-term complications was much less with incidental diverticulectomies than with diverticulectomies done for complications. They also showed operative mortality and morbidity to be lower with incidental diverticulectomy. Following this, there have been multiple reports advocating the safety of incidental diverticulectomy with near zero or zero mortality. 1, 6, 8, 39, 40 A recent analysis of 1476 patients with MD at the Mayo Clinic (Rochester, MN) by Park et al showed no MD-related complications or deaths with diverticulectomy. 5 They did not explicitly favor or reject incidental diverticulectomy, but suggested a selected approach for resection of incidental MD in the presence of any of 4 factors that turned out to correlate in a statistically significant manner with MDs producing complications, namely age less than 50 years, male sex, diverticulum length greater than 2 cm, and presence of histologically abnormal tissue.
Our study that looks at this problem from the oncological standpoint appeared to favor resection of incidental MD, especially in light of the study by Park et al. 5 Our study identified increasing age as a risk factor for MDC, especially above 50 years of age ( Fig.  1 and Table 5 ) and identified a larger increase in MDC incidence in females over the last few decades. Histologically, abnormal tissue may be found in up to 60% of MDs 3, 5, 6, 8, 36 and only 38% of time will such tissue be palpable in asymptomatic MDs. 5 With a high chance of a malignancy in the MD being localized, implying a high potential for curative resection and long-term survival as suggested by our analyses, it seems most prudent to resect asymptomatic MDs. This is compounded by the fact that preoperative diagnosis of any MD-related pathology is rare, 8, 41 implying that resection during incidental intraoperative discovery not only removes MDC from the list of late diagnoses, but also MD complications from the list of diagnostic problems for obscure abdominal pain or GI bleeding for the general surgeon. With accumulating reports of minimally invasive techniques that can be successfully employed for Meckel's diverticulectomy 11, 42, 43 and negligible complication rate with incidental diverticulectomy, 5, 8, 40 we consider the benefits of resection of this high-risk area for ileal cancer to outweigh the risks. However, the authors refrain from advocating planned surgical resection of the MD when found incidentally during radiologic investigation for unrelated reasons.
